Background: Randomized controlled trials (RCTs) remain the accepted "gold standard" for determining the efficacy of new drugs or medical procedures. Randomized trials alone, however, cannot provide all the relevant information decision makers need to determine the relative risks and benefits when choosing the best treatment of individual patients or weighing the implications of particular policies affecting medical therapies. Objectives: To demonstrate the limitations of RCTs in providing the information needed by medical decision makers, and to show how information from observational studies can supplement evidence from RCTs. Methods: Qualitative description of the limitations of RCTs in providing the information needed by medical decision makers, and demonstration of how evidence from additional sources can aid in decision making, using the examples of deciding whether a 60-yearold woman with mildly elevated blood pressure should take daily low-dose aspirin, and whether a hospital network should implement carotid artery surgery for asymptomatic patients. Conclusions: Even the most rigorously designed RCTs leave many questions central to medical decision making unanswered. Research using cohort and case-control designs, disease and intervention registries, and outcomes studies based on administrative data can all shed light on who is most likely to benefit from the treatment, and what the important tradeoffs are. This suggests the need to revise the traditional evidence hierarchy, whereby evidence progresses linearly from basic research to rigorous RCTs. This revised hierarchy recognizes that other research designs can provide important evidence to strengthen our understanding of how to apply research findings in practice.
T o a previous generation, a "medical decision maker" would have been synonymous with a physician. Today, however, the number of medical decision makers has proliferated. Regulatory agencies, health plans and insurance companies, professional societies, formulary committees, private industry, quality organizations and others are all involved in deciding what medical therapies and practices are approved, marketed, promoted, reimbursed, rewarded, or chosen by patients. Individual patients and family members often seek out new information on treatment alternatives, so that they can be more involved in decisions about their treatment. Unfortunately, we have not kept pace in our ability to produce the types of evidence that would help patients, their clinicians, and all the other decision makers make more informed decisions. 1 Each new therapy triggers a range of clinical and policy decisions at different levels of the health care system, as illustrated in Table 1 for treatments for osteoporosis. The regulatory framework for the drug approval process ensures a relatively predictable body of evidence regarding pharmaceuticals. This evidence is centered on the protocol-driven randomized trials, which the FDA requires to establish safety and effectiveness before approving a new drug. Neither these trials nor the drug approval process itself is designed to address all the needs of the other decision makers noted in Table 1 , however. The evidence needed for drug approval addresses only the first of 3 questions that Archie Cochrane (the forefather of the Cochrane Collaboration) noted must be answered for medical policy decision making: "Can it work? Will it work? Is it worth it?" 2 Knowing that an intervention can work is necessary but not sufficient for deciding whether to use it in an individual patient or to promote it for a broad population. Whether it will work in a specific patient, population or clinical setting, and whether the benefits will be worth any harms or costs are questions for which evidence from randomized trials is often lacking. As David Mant observed, "The clinical trial is the best way to assess whether an intervention works, but it is arguably the worst way to assess who will benefit from it." 3 Answering these questions requires that we update the traditional evidence hierarchy and its emphasis on the randomized trial as the "gold standard." 4 Although such a hierarchy serves us well for answering questions of efficacy-"Can something work?"-we need to integrate evidence from trials with
Limitations of Randomized Trials
The strength of randomized trials lies in the protection that randomization provides against sources of bias and confounding that often affect observational studies, where treatments are chosen in the course of usual care rather than randomly assigned by an investigator. Although randomization and other features of well-designed trials (eg, careful follow-up and blinded assessment of outcomes) help ensure the "internal validity" of a study, they can reduce its relevance or "external validity" (also known as "applicability" or "generalizability"). Rothwell 5 has enumerated in detail how factors such as design, recruitment, execution, and follow-up of trials may affect their external validity. The end result is that the question answered by a trial may differ in important ways from the most important question for patients, clinicians or policymakers-differences arising from the population and the intervention studied, the comparison chosen, or the outcomes measured (Table 2) .
For example, trials apply careful selection criteria and frequently use run-in periods to ensure adherence and to detect side effects. These maximize the effect of the intervention, minimize risk to patients, and reduce sources of underlying variation. At the same time, they produce a trial population that often differs from the target population in demographics, clinical status, and underlying risk for both benefits and harms. Similarly, clinicians and clinical sites are usually selected to maximize the quality of the interventions, which may be further enhanced by careful training, treatment protocols, and cointerventions. Follow-up and monitoring is designed to promote adherence to the drugs under study and to detect any complications. As a result, the benefits of the intervention observed in the trial may exceed those that can be expected when applied in practice.
Regulatory standards in the United States encourage placebo comparisons to isolate the effect of the therapy under study. In clinical practice, however, the important question is how a new treatment compares to available alternatives.
Usual care control groups better estimate the effectiveness of a new intervention relative to current practice, but they can be problematic when current practice is variable and suboptimal. 6 For example, trials of osteoporosis drugs have not regularly ensured that control women were getting adequate calcium and vitamin D. 7 Intention-to-treat analysis is widely accepted as minimizing bias in randomized trials. When there is substantial dropout or crossover, however, intention-to-treat can underestimate both benefits and possible harms for the individual patient who adheres to intended therapy. In the Women's Health Initiative, the excess risk of thromboembolism associated with estrogen/progestin therapy more than doubled when adherence to actual therapy was considered, 8 whereas benefits of aspirin in randomized controlled trials (RCTs) are up to 50% higher among those patients who are most adherent to therapy. 9 Finally, the choice of outcomes measured in trials often does not provide a complete picture of the benefits and harms that are important to patients. Surrogate outcomes such as change in a risk factor (eg, bone density) or disease marker (eg, tumor progression) may correlate poorly with the clinical outcomes of greatest interest (eg, hip fracture, cancer survival). 10 Often, events that may vary considerably in their severity (eg, minor and major gastrointestinal bleeding) are lumped together. Aggregate outcomes such as cardiovascular events may conceal important differences in effects on individual components such as stroke and myocardial infarction.
Assessing harms can be particularly problematic in efficacy trails. Harms are variably and often poorly reported; 
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the exclusion criteria in trials systematically exclude subjects at highest risk of harms (eg, the elderly, those on multiple medications or with multiple comorbidities), and other features of trial protocols (careful monitoring and dose adjustment) further minimize risks of harm to patients. Additionally, trials are often too short or too small to detect harms that are rare or which emerge slowly. Finally, information from industry-funded trials may remain unpublished, limiting the ability to examine potential safety issues completely.
Heterogeneity of Treatment Effect
Trials face a second set of limitations for informing individual patient decision-making. Because of heterogeneity of treatment effect, the average benefits observed within a trial may differ substantially from those that might be expected for a given individual. 11 A major source of apparent heterogeneity is variation in baseline risk-the risk of the outcome in the absence of treatment. Benefits on an absolute scale (eg, number of hip fractures prevented) typically increase along with the underlying risk. 12 For example, although lipid-lowering treatment is equally effective in patients with diabetes and nondiabetics on a relative scale (roughly 25% reduction in risk of myocardial infarction), treatment confers more than double the absolute benefit for diabetic patients due to their higher risk of heart disease. Patients may also differ in their responsiveness to treatment, due to differences in drug metabolism, receptor affinity, or other genetic factors that influence the mechanisms of disease progression and treatment response. 13 The role of sophisticated new markers in selecting therapy remains unresolved, however.
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A Model for Moving Forward
A number of proposals have been offered for improving the relevance of clinical trials to clinicians and policy makers. Chief among these is greater use of "pragmatic" trials (also known as practical or effectiveness trials). Sean Tunis, who experienced the deficiencies of the evidence to inform coverage decisions as the former Chief Medical Officer for Medicare, has advocated for the need for more relevant trial evidence by designing trials that enroll representative patients, replicate "real-world" rather than ideal practice, and address comparisons relevant for policy makers. 1 Such trials remain more common outside of the United States, but the growth of practice-based research networks and electronic health records will make it increasingly feasible to conduct large research studies in community-based practice settings here in the United States. Nonetheless, such studies can be time consuming and expensive, and it remains doubtful that the major funders of clinical research will shift their priorities sufficiently to develop a robust body of effectiveness evidence on all the questions of interest.
Subgroup analysis within trials can help explore important issues of heterogeneity of treatment effect 15 but must be used with caution to distinguish true differences from those arising by chance. 16 Systematic reviews and meta-analyses of RCTs provide another avenue for improving our understanding of trial evidence. Reviews can probe sources of heterogeneity among trials, examine rare effects by pooling smaller trials, provide a more complete picture of outcomes, and examine subgroup differences more effectively than an individual trial. 17 Meta-analysis of group level data, however, often lacks power to explore important patient predictors of outcomes. Individual patient meta-analysis is more powerful for this purpose, and has been used with success in several areas with large numbers of trials. 18 These efforts are the exception, however, and remain difficult given the variety of industry and public-funded trials.
Glasziou and Irwig 19 proposed individualizing treatment decisions by combining estimates of relative benefits and harms from trials with information to predict baseline risk of an individual patient, to derive estimates that may be more applicable to individual patients. This concept can be expanded by carefully applying a range of evidence from prospective cohort studies, registries, and other nonexperimental data to assess applicability of trials and to generate information more relevant to the specific clinical or policy decision at hand. Nonrandomized studies will never supplant the need for rigorously conducted trials but they can: enrich our understanding of how patients treated in practice differ from those in the trials; provide tools for estimating baseline risk and potential benefits for individual patients; examine whether trial results are replicable in community settings; examine outcomes not carefully studied in trials (especially rare or slow emerging harms); explore sources of heterogeneity in safety or effectiveness arising from variation among patients, clinicians, and settings; and together produce a more complete picture of the potential benefits and harms of a clinical decision for individual patients or health systems (Table 3) . We provide 2 examples, one involving decision making about a medical therapy for an individual patient and one involving policy decisions regarding implementation of a surgical intervention, to illustrate how this approach can add to the information from a single large and seemingly definitive trial. Individual patients need to know more than that a therapy works on average. They want to know about the benefits and risks of a given treatment relative to available alternatives for "someone like me"-ie, someone with the same age, gender, and collection of risk factors as themselves. Table 4 illustrates a series of steps and the sources of data that can help take the results from a single trial and make them more relevant for an individual patient.
Assembling Evidence for Individual
Although aspirin's benefits have been long established for people with underlying cardiovascular disease, its role for primary prevention in women has been less clear. The Women's Health Study (WHS), specifically designed to address the benefits of low dose aspirin in initially healthy middleaged women, found that aspirin significantly lowered the risk of stroke but not the risk of myocardial infarction, and increased the risk of gastrointestinal (GI) bleeding. 9 Its applicability to our 60-year-old hypertensive patient may be reduced, because WHS enrolled healthy female health professionals, 60% of whom were under age 55. A meta-analysis that included 2 additional studies enrolling older and higherrisk women, however, confirms the WHS findings that aspirin use reduces risk of stroke (pooled estimate 17% reduction) but increases risk of serious GI bleeding (pooled estimate 68% increase-see Table 5 for individual trial results). 20 Answering whether daily aspirin is "worth it" for this patient requires careful consideration of how benefits and harms for the individual might differ from that represented for the total population of trial participants. Exploring subgroups within the WHS yields conflicting findings. Although aspirin had no effect on cardiovascular risk in women in her age category (age 55-64), it significantly reduced risk in women who were nonsmokers and in women with systolic blood pressure of 140 mm Hg or higher. A second approach is to explore variations in benefits and harms across trials, which enrolled patients of different underlying risk. An analysis of 7 primary prevention trials suggests that the 12% reduction in CVD; 17% reduction in stroke; 68% increase in major bleeding.
Will it work?
Will I have trouble adhering to aspirin? Trials; registries 25 Adherence high in RCTs and community patients with heart disease (Ͼ80%); little data on primary prevention.
Is it worth it?
Do benefits exceed harms in trials? Individual RCT 
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vascular benefits of aspirin exceed major bleeding risks only when the 10-year cardiovascular risk exceeds 10%. 21 Most of these data come from trials of men, however, and assume the risk of bleeding is relatively constant.
A final approach is to examine how baseline risks, for both benefits and harms, of the individual patient compare with trial participants. Where they differ, we can create better estimates of benefits and harms by applying the pooled trial estimates of relative benefits (17% reduction in stroke risk) and harms (68% increase in major bleeding) to baseline risk estimates that are more applicable to our patient. 19 Data derived from careful prospective population-based cohort studies such as the Atherosclerotic Risk in Communities study have produced tools to calculate stroke or heart disease risk based on individual risk factors. 22 Based on age and risk factors, our patient's 10-year risk of stroke is estimated at 1.2%, comparable to that of the women in the WHS (1.3%), 9 suggesting that the benefits of aspirin in WHS seem to be applicable to our patient.
Can we similarly apply harms estimates from WHS? The women in WHS were relatively healthy, carefully screened, and underwent a run-in period, all of which may have contributed to their low risk of major GI bleeding. As seen in Table 5 , the baseline risk of bleeding observed in the control group in WHS (0.5 per 1000 per year) is similar to that in the Primary Prevention Project, but less than half that in the Hypertension Optimal Treatment trial. Moreover, the excess number of major bleeds attributable to aspirin (0.2 per 1000 per year) is substantially lower that that observed in the 2 other trials (1.2-1.4 per 1000 annually). Moreover, in population-based studies, the annual risk of serious GI bleeding in adults taking aspirin is 5-to 10-fold higher. 23, 24 Putting the data from trials and other studies together, we can estimate that aspirin might modestly lower the risk of stroke in our 60-year-old patient over 10 years (from 1.2% to 1%, or a number needed to treat 500 to prevent 1 stroke). At the same time, her excess risk over 10 years of a major GI bleed (serious enough to require hospitalization) is likely to be substantially higher than the 2 per 1000 observed in the WHS. The other trials enrolling less healthy women suggest a risk as much as 5 times higher, and cohort studies, which may better represent risk in unselected patients, suggest it could be even higher.
The final considerations for patients are their own preferences, including their ability to adhere with daily aspirin therapy. Some patients might place a higher value on preventing a stroke, but they would also need to consider the small risk of fatal bleeding and other less serious risks associated with aspirin use, including ulcer disease, hematuria, and minor GI bleeding. Finally, although adherence was good in prevention trials and in community registries of patients with heart disease, 25 data from volunteers and symptomatic patients may not apply to healthy subjects in the community. In conclusion, a treatment that looked potentially beneficial in a landmark trial now seems, on consideration of a greater array of evidence, to be likely to do more harm than good for the specific patient in question.
Answering Questions for Clinical Policy Makers: How Should Carotid Artery Surgery for Asymptomatic Patients be Implemented in a Hospital Network?
The potential benefits of carotid endarterectomy to prevent stroke in patients with asymptomatic carotid stenosis was addressed in a large, National Institutes of Health-funded clinical trial published in 1995. 26 The Asymptomatic Carotid Artery Surgery (ACAS) study, indicating that surgery reduced combined risk of stroke and death over 5 years, led to an immediate and substantial increase in use of endarterectomy. 27 To a policy maker, the trial raises the question of how a specific health system can appropriately implement the findings of this trial (Table 6 ). Having established that the surgery can work, the important question is whether it will work in the specific patients and hospitals within the system in question (eg, a network of hospitals and group practices). Trials of surgical procedures, as with studies of other complex interventions that depend highly on the training and technical skill of the team delivering care, raise important questions of generalizability to wider practice. The ACAS trial achieved a 53% reduction in death or ipsilateral stroke over 5 years by carefully selecting surgeons based on their operative complication rate, excluding the majority of potential participating surgeons. 26 A second trial, with slightly higher complication rates, found similar benefits of surgery. 27 A pooled analysis of trial data suggests a 29% reduction in risk over 4 years. 28 Examination of Medicare data in the follow-up to the ACAS, however, casts doubt on the question of whether carotid endarterectomy will work as well in more representative settings. Mortality rates from endarterectomy were 8-fold higher in the community than in the ACAS trial. 29 Similar audits of state-by-state performance indicated wide variation in complication rates between states. 30 These differences may arise from less careful selection of surgeons and patients and differences in quality of pre-and postoperative care delivered in the community. Outcomes seem best in hospitals performing a high volume of surgeries. 29 This variation highlights concerns that endarterectomy, if not carefully applied in the right settings to the right patients, won't be "worth it"-that is, it could result in operative deaths and complications that outweigh any longterm benefits. Subgroup analysis of trials indicates that the benefits are much greater in asymptomatic men than in asymptomatic women (51% vs. 4% reduction in risk, respectively); cohort studies indicate that this is a result both of higher surgical risk in women and lower risk of stroke on medical therapy. 15 In addition, benefits may go down with age; elderly people have higher risks with surgery and are more likely to die of other causes.
With knowledge of specific complication rates for a state, hospital, or individual surgeon, a hospital network can steer patients to better performing centers and feed back data to promote best practices regarding perioperative care and surgical interventions. Finally, education of providers and patients can attempt to influence careful selection of appropriate patients; audits could examine the rates at which women and patients over age 80 are undergoing surgery, because the balance of harms and benefits is especially problematic in these groups. Quality improvement studies at the state level indicate some of these interventions can change processes and outcomes of care.
CONCLUSIONS
As these cases illustrate, even landmark trials can raise as many questions as they answer. If we are to implement the findings of these studies effectively, we have to pay close attention to the applicability of trial findings to the settings and patients of interest. Research using cohort and casecontrol designs, disease and intervention registries, outcomes studies using administrative databases, and quality improvement methods can all shed important light on who is most likely to benefit, what the important tradeoffs are, and how policy makers might promote the safe, effective, and appropriate use of new interventions. This use of evidence suggests a different model from that suggested by the traditional evidence hierarchy, with a linear progression from basic 
Will it work?
Will CEA be as safe and effective in the community as in the trial?
Trials and registries 29 All trials carefully selected surgeons. Operative morbidity and mortality in community double that achieved in trials.
Is it worth it?
Do benefits of CEA outweigh harms in trials? Individual RCT and meta-analysis 26, 28 Net benefits emerge at 2 yr but are small (100 operations to prevent 1 event per year). No effect on total mortality/stroke rates. Will benefits of CEA outweigh harms in our patients and our hospitals?
Cohorts and administrative databases 29, 30 State outcomes variable but morbidity usually exceeds that of trials. Outcomes best in highvolume hospitals. Which patients are most likely to benefit?
Overviews of trial subgroups; cohort studies of operative outcomes 15 Benefit significantly greater in men than women (51% vs. 4% reduction in risk) and in younger vs. older persons. Surgical risk higher in women and elderly. Which settings are most likely to have good outcomes?
Hospital performance audits; state comparisons 29, 30 Substantial state variation in complication rates; high volume hospitals have lower complication rates; variation in process measures. What policies can increase the appropriate use of carotid endarterectomy to achieve the best outcomes?
Quality improvement studies 31 Modest improvements in outcomes with feedback of data to hospitals. 
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research to observational studies, to pilot intervention studies, and finally to definitive controlled clinical trials. For many of the decisions we face, trials generate questions and highlight gaps in evidence that must be examined and bridged with other study designs. Instead of being a narrow pillar where each study rests on the preceding one, robust evidence is better likened to a web. Trials often provide the strong strands that create the central structure, but the strength of the completed web relies on a variety of supporting cross strands made up of evidence from a more diverse array of studies.
